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Students presently in Australian schools will spend most of their lives in the twenty- 
first century. It is difficult to know exactly what kind of education they will need in order 
to function effectively as consumers, community members and workers. Changes, 
however, will be needed. 

Mathematics pervades all aspects of our lives, whether at home, in civic life or 
in the workplace. Mathematics has been central to nearly all major scientific and 
technological advances. Also, many of the developments and decisions made in industry 
and commerce, the provision of social and community services, and government policy 
and planning, rely to an extent on the use of mathematics. The rapid spread of cheap 
and powerful calculators and computers has dramatically extended the capacity of 
people, both individually and collectively, to use and generate information as a basis for 
decision making. Without the capacity to make informed judgements, the user may 
become a servant of technology, with possibly detrimental consequences. The critical 
and productive application of this technology will make greater demands on the user’s 
mathematical knowledge. 

We need to aim for improvement in both access and success in mathematics for 
all Australians. All Australians must leave school well prepared to meet the demands 
of their future lives and with the knowledge and attitudes needed to become lifelong 
learners of mathematics. 

In April 1989 the State, Territory and Commonwealth Ministers of Education 
endorsed ten common and agreed national goals for schooling in Australia. As a result, 
the States and Territories have entered into the collaborative development of state- 
ments about the curriculum of Australian schools. This is the first such statement. 
Statements for other areas of the curriculum will follow. 

When commissioning the development of the National Statement on Math- 
ematics for Australian Schools the Australian Education Council determined that it 
should describe the mathematical understandings, knowledge and skills to which 
students will typically be exposed and teaching methods which are likely to encourage 
productive learning strategies and positive attitudes towards their involvement in 
mathematics. 

The purpose of the National Statement on Mathematics for Australian Schools 
is to provide a framework around which systems and schools may build their mathematics 
curriculum. It does not provide a syllabus or curriculum and, indeed, its structure 
makes it inappropriate for direct use in that way. Rather, it should provide a foundation 
for appropriate courses which will meet students’ needs and reflect advances in our 
knowledge — both of the subject mathematics itself and of the ways in which students 
learn mathematics. The Statement encourages innovation and experimentation so that 
all learners have a positive experience of mathematics. 

The project was managed by a Steering Committee representing the Directors 
of Curriculum from State and Territory Government education systems and the 
Commonwealth. The Steering Committee set up a Project Team to undertake the 
writing of the document and a Reference Group of mathematics curriculum officers 
from each State and Territory. As the writers carried out their task they took advice 
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from consultants, tertiary mathematicians and mathematics teacher educators, and 
continually referred all material to the Reference Group. Throughout the writing 
process, formal and informal consultations occurred at both State/Territory and 
national levels. Drafts of this statement were circulated for discussion and comment to 
people drawn from different sections of the community such as parents, teachers (from 
both government and non-government sectors), teacher educators, professional asso- 
ciations, mathematicians, curriculum developers, community groups, employers and 
unions. 

This statement is intended essentially for use by educationalists and the 
teaching profession; a companion statement has been prepared for the broader 
community. We commend this statement, and the community statement, Mathematics 
in our Schools, to educators, parents, mathematicians, employers and members of the 
general community. 

Australian Education Council 
December 1990 
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The National Statement on Mathematics for Australian Schools is the result of a 
collaborative project by the States, Territories and Commonwealth of Australia. It 
documents areas of agreement between education systems about directions in school 
mathematics, the principles which should inform curriculum development and the 
extent and range of school mathematics. 




The purpose of the Statement is to provide a framework around which systems and 
schools may build their mathematics curriculum. It identifies important components 
of a mathematics education for the majority of students. It is descriptive rather than 
prescriptive. It does not provide a syllabus or curriculum and, indeed, its structure 
makes it inappropriate for direct use in that way. 

Precisely how it will be used, and by whom, will depend upon the particular 
distribution of responsibilities for curriculum development within each State and 
Territory. In some places, it will be used by education authorities to review the advice 
and curriculum support they currently provide for the teaching of mathematics . In other 
places, schools may use the document to assist them in revising their mathematics 
curriculum. Teacher education institutions will also find it of use in planning curricu- 
lum courses. Thus, its major audience is curriculum developers at the system, regional 
or school level, but it will also be of interest to members of the broader community. 

Education benefits from diversity. Accordingly, the Statement encourages 
innovation and experimentation, the development of learning experiences appropriate 
for particular children in particular schools, and local community involvement in the 
education of their children. It should not be interpreted as placing limits or restrictions 
on the scope of the mathematics curriculum or on the range of pedagogies adopted. 

The present document is intended to represent one phase in an ongoing process 
of collaboration between States, Territories and the Commonwealth. As such, the 
document itself is to be subject to periodic revision. The terms of reference for the 
preparation of this statement require that areas for future collaboration be identified 
in order to support the directions identified in this phase. Areas which have been 
identified include: broadening the range of assessment strategies and tasks available 
for mathematics, classroom resources to support directions suggested within this 
Statement, further work on the content and structure of mathematics during the post- 
compulsory years (including articulation with further education), the implications of 
new technologies for mathematics in schools, and the professional development of 
teachers to assist them to implement the recommendations of the Statement. 
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School mathematics is changing. There are several reasons for this. There has been a 
rapid growth of mathematics and new technologies are influencing how mathematics 
is produced and applied. The mathematical demands of daily life, civic responsibilities 
and work are increasing and the nature of the mathematics used is changing. In the 
interests of social justice and the maintenance of Australia’s health, and environmental 
and economic well-being, we need to broaden access to and success in mathematics. 
Finally, we know much more about how students best learn mathematics and of the 
implications for classroom practice and assessment. 

The question of what students will need in a rapidly changing world is one that 
challenges all educators and, in particular, mathematics educators. It is impossible to 
know exactly what mathematical concepts, skills and processes people will need during 
their lives in order to function as consumers, community members and workers. 
Furthermore, quite different mathematical skills may be needed by individuals 
appearing to have quite similar lifestyles or forms of employment. 

This document recognises that mathematics curricula in Australia must 
respond to changing circumstances, that the mathematical demands on people will vary 
throughout their lives , and that schooling cannot prepare people for all the mathematics 
they are likely to need in their civic and working lives. If people are to continue to use 
mathematics, they must develop the competence, confidence and interest needed to 
become lifelong learners of mathematics. 

The National Statement on Mathematics for Australian Schools is presented 
in two parts. Part I, Principles for School Mathematics, addresses the following 
questions: 

What is mathematics, why is it important and for whom? 

What are the goals of school mathematics? 

What conditions will support effective learning of mathematics? 

Part II, The Scope of the Mathematics Curriculum, describes mathematical 
understandings, skills, knowledge and processes which should typically be made 
available to students. These are described under eight headings: 

Attitudes and appreciations 

Mathematical inquiry 

Choosing and using mathematics 

Space 

Number 

Measurement 

Chance and data 

Algebra 

These have been used as a means for structuring the document; they are not 
intended to provide a structure for teaching mathematics. There are significant 
overlaps and inter-connections between the sections which should be considered when 
undertaking detailed curriculum planning. The unity of mathematics should be 
emphasised throughout and students should be helped to draw upon the whole range 
of their mathematical experiences in the solution of their problems. 
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Mathematics involves observing, representing, and investigating patterns and 
relationships in social and physical phenomena and between mathematical objects 
themselves: 

Mathematics is often defined as the science of space and number . . . [but] a more apt 
definition [is that] mathematics is the science of patterns. The mathematician seeks 
patterns in number, in space, in science, in computers, and in imagination. 
Mathematical theories explain the relations among patterns ... Applications of 
mathematics use these patterns to ‘explain’ and predict natural phenomena ... 1 

Mathematical knowledge is not empirical knowledge in that its source is not 
physical reality; rather its source is patterns and relationships created in the mind . 2 The 
physical properties of apples (colour, mass) are in the apples and can be known through 
observation. However, when we order the apples according to size, the order is not in 
the apples but rather in the relationships we create between the apples. The colour 
of the apples is an example of physical knowledge; their order is an example of 
‘logico-mathematical’ knowledge , 3 as are the number of apples and the differences or 
similarities between them. 

In this sense, mathematics always involves abstraction . 4 We observe 
similarities between objects or events in the physical or social world, or between 
mathematical objects such as numbers. Having observed similarity, we represent it in 
some way using words, symbols or diagrams. For example, the mathematical object 
‘rectangle’ is derived from such things as rock faces, the vertical section of trees and 
doorways. ‘Five’ is abstracted from all the collections which can be matched with the 
fingers of one hand, while the idea of ‘prime number’ is derived from other math- 
ematical objects (that is, from certain numbers). The general expression y = mx + b, or 
a straight line graph, each represents relationships observed between certain pairs of 
quantities (for example, the amount of grapes purchased and the total cost, the distance 
travelled and the time taken, or the length of the side of a square and its perimeter). 

Mathematics provides powerful, precise and concise methods of representing 
patterns and relationships. These mathematical representations are then treated as 
objects in their own right. They can be manipulated according to specific rules of logic 
either for a particular purpose or in an exploratory fashion, the intention being to find 
new relationships between the expressions . 5 For example, beginning with an idea of 
‘rectangle’, we represent its essential features in a definition. From this we can 
conjecture about other relationships about rectangles and attempt to justify or refute 
our hypotheses. 

12 




Through cycles of conjecture, justification and refutation we may derive 
relationships such as: ‘a four-sided figure is a rectangle if and only if its diagonals are 
equal in length and bisect each other’. We can then apply this general rule to any object 
which can be thought of as rectangular. Thus, we can ensure that a doorway is 
rectangular by ensuring that its diagonals are the same length and bisect each other. 
We do not have to establish that the relationship holds in the special case of doorways. 

These processes of observation and investigation of pattern, abstraction, 
representation, generalisation, analysis and justification may thus result in state- 
ments ofbroad applicability . Indeed, one of the aims of mathematics is to identify within 
each field a small number of ideas and properties from which other properties can be 
derived . 6 The point is that the derived properties can be applied in any context in which 
the original small number of ideas and properties apply. 

A creative activity, mathematical investigation involves invention, intuition 
and exploration. At times, the problems investigated are generated within the subject 
field of mathematics and thus relate directly to mathematical abstractions. In such 
cases, there is no immediate interest in whether the relationships derived relate to any 
social or physical phenomena. The purpose is explicitly mathematical. 

At other times, the problems are generated from the ‘real’ world. In such 
cases, they need to be disembedded from their particular context, the essential 
relationships within the context represented mathematically and the problem stated 
in mathematical terms. Mathematical techniques may then be applied to the problem 
as mathematically stated. 

Results obtained in either of these ways may influence each other. For 
example, the development of differential geometry by Riemann, Minkowski, and 
others, gave Einstein the tools he needed to formulate mathematically his theory of 
general relativity. On the other hand, the search for mathematical descriptions of 
shapes such as coastlines and ferns, or of phenomena such as turbulent flow, has led to 
active mathematical theories of non-linear dynamics and fractal geometries. 





Mathematics is an integral part of a general education. It can enhance our understand- 
ing of our world and the quality of our participation in society. It is valuable to people 
individually and collectively, providing important tools which can be used at the 
personal, civic and vocational levels. 

Mathematical ideas about number, space, movement, arrangement and 
chance — hundreds, sometimes even thousands, of years old — are used in everyday 
life by the majority of people. They are also used in the most modem mathematics, 
science, economics and design. This durability and versatility of many mathematical 
ideas leads some people to view the subject as unchanging, even though mathematics 
is rapidly growing. The growth results from new ideas or notions . Some has been a result 
of the use of sophisticated computing technology and some mathematicians argue that 
this technology is driving a new revolution in mathematics: 

The rapid growth of computing and applications has helped cross-fertilise 
the mathematical sciences, yielding an unprecedented abundance of new 
methods, theories, and models ... 





The importance of mathematics 



Computers change not so much the nature of the discipline as its scale: com- 
puters are to mathematics what telescopes and microscopes are to science. 

They have increased by a millionfold the portfolio of patterns investigated ... 

As this portfolio grows, so do the applications of mathematics ... 7 

The raising of levels of confidence and competence in mathematics is essential 
for widespread scientific literacy and for the development of a more technologically 
skilled workforce. The former is necessary for the ‘personal competence, social cohesion, 
employment prospects and the free flow of comprehensive information that makes 
democracy workable ’; 8 the latter for the economic competitiveness without which we 
will lose the basic economic preconditions for a democracy. 

IMtemafe 5s usissi m (daily living 

The most obvious daily uses of mathematics involve number and quantification. In 
caring for our homes and in making purchases, we count, measure and carry out simple 
computations. We also use spatial and measurement skills to read maps or house plans, 
and to judge how much paint is needed to finish the decorating. Understanding weather 
bulletins and economic indicators requires a basic understanding of chance and 
statistical inference. Those same understandings are involved when we analyse 
benefits and risks in choosing between loan repayment schedules or insurance plans. 

lafiSnemafiDGS 5s usissi m civic life 

A democracy assumes the capacity of all members of the community to participate in 
the public debates and social action through which important decisions are made. 
Increasingly, fully informed participation requires mathematics. 

Modem communication technologies have meant that people are confronted 
with much more information than was previously the case. Those who wish to remain 
informed about many important issues of our time are forced to deal with masses of data 
which may even be conflicting. To make reasonable sense of the evening news bulletin 
requires mathematical understandings about data collection and handling, and 
statistical inference, which go considerably beyond those required even twenty years 
ago. In the health and environmental arenas there are almost always trade-offs 
between quality and cost 9 (e.g. of medicines or screening tests for contaminates or 
diseases). Making informed choices will often require a general understanding of the 
mathematics underlying the analysis of costs and risks. 

Arguments which are couched in mathematical terms will often intimidate 
and mystify people. Lyn Arthur Steen 10 suggests that ‘a public afraid or unable to reason 
with figures is unable to discriminate between rational and reckless claims in the 
technological arena’. Those who do not understand mathematics, or who believe they 
do not understand mathematics, may be susceptible to economic, social and political 
manipulation. 



Mathematics is used widely in the workplace, although users may not always recognise 
the extent of its use. Checking the daily takings, organising the week’s payroll and 
budgeting for a sales campaign make clear and widely recognised demands. 

Other uses vary from reading tables and specifications to recording infor- 
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mation systematically, culminating in the use of sophisticated inventory control 
systems. Following a blueprint, deciding how much paper is needed for a sales brochure, 
and scaling and arranging pattern pieces to minimise the material used, all make 
mathematical demands of workers. Making measurements, calculating averages and 
the variability of measures, and comparing these with acceptable tolerances, are 
important parts of quality control systems. 

The physical sciences, engineering and computer science have traditionally 
been regarded as requiring a high level of mathematics. Fields such as geography, 
biology, art, economics, fashion design and management, however, increasingly use 
mathematical techniques. Mathematics underpins most industry, trade and com- 
merce, social and economic planning, and communication systems. 




Understanding ourselves requires that we understand how mathematics is integral to 
our ways of thinking about the world. Playing and explaining, along with counting, 
measuring, locating and designing have been identified as probably universal in the 
development of mathematical ideas in different cultures . 11 However, while mathe- 
matical thinking is part of the cultures of origin of all Australians, we may not all 
share the same basic conceptions. For example, questions such as *how man/ and “how 
much’ are central to the value system of European Australian society. On the other 
hand, in many traditional Aboriginal communities the important questions were ‘who’ 
and ‘whose ’. 12 In these communities the combinatoric thinking needed for describing 
complex kinship patterns was much more important than the idea of quantifying 
aspects of reality, which underlies a great deal of Western mathematics. To learn the 
mathematics of another culture is, to an extent, to become bicultural. 

Our ways of thinking influence, and are influenced by, mathematics. They 
change over time and are unlikely to be the same for all people. Nonetheless, an 
international laody of knowledge’ of mathematics has resulted from the convergence of 
mathematical activities of many cultures, both past and present. Like music, art, 
literature and sport, it has its own patterns, its repetitions and rhythms and associa- 
tions with ritual and leisure. To an extent, mathematics also has a life of its own which 
transcends many cultural differences. 
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There is considerable anecdotal and research evidence to suggest that many people 
dislike mathematics and may even feel intimidated in situations in which it is used . 13 
Of considerable concern is the effect on individuals ofhaving to deal with an increasingly 
mathematically oriented society while feeling inadequate or alienated from mathematics. 

The dearth of people willing to participate in mathematics-related activities is 
also likely to become a significant labour market problem in a technologically oriented 
society. It is predicted that demand in Australia for mathematically skilled people will 
rise but the supply fall. This is due both to Australia’s population demographics and to 
shortages in appropriately skilled people across the world, which means that we can no 
longer expect immigration to fulfil our shortfall . 14 

We must, therefore, ensure that more students leave school enthused by, and 
justifiably confident with, mathematics. This implies that a wider range of students 
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should be expected and encouraged to participate in mathematics than has previously 
been the case. 



A wota rangs ©fi people staid pin assess to and succass 
in matlTieinniatiss than has llnaon the sase in the past 

It is a premise of this Statement that all but a few exceptional students are capable of 
achieving the mathematical confidence and competence needed for personal and civic 
activities, the skills needed for vocational purposes, and some appreciation of the social 
and cultural significance of mathematics. For some students this will take longer than 
for others. 

In the past, the tendency was for those students who were least successful in 
mathematics to stop studying it as early as possible. Many did not remain in formal 
education beyond the compulsory years. The mathematics courses available to those 
who did remain at school were often designed to be preparatory for higher education 
rather than immediately or personally useful. Consequently, many students saw little 
value in continuing to develop their mathematical understanding and did not choose to 
take more mathematics. In particular, those who were mathematically least prepared 
by the end of their compulsory schooling were also the least likely to learn more 
mathematics at school or in further education. 

This was regarded as reasonably satisfactory. Many people used very little 
mathematics beyond what they learned during their primary schooling, or otherwise 
learned quite job-specific mathematical techniques. Full employment was available to 
people who often had not much more than primary level mathematics, and sufficient 
people were moving into mathematically related fields. 

That situation no longer exists. As suggested earlier, the mathematical 
demands of daily, civic and working life are increasing. Job reclassifications are 
breaking down barriers which previously confined people to narrowly defined cate- 
gories of work. Mathematics will be critical for people who wish to avail themselves of 
the advantages of job restructuring. If people are to cope with these changes and to 
benefit from the opportunities to work in a range of positions, then their early learning 
will need to prepare them to be learners of mathematics for the rest of their fives. 

The number of students completing a full secondary education is increasing 
rapidly. This provides an increased opportunity to ensure that many more students 
leave school confident and competent to meet the mathematical demands of their future 
fives. 

/toess to and stttess in sotal maiiemafes staid 




Participation in mathematics in Australia has been too dependent on being a member 
of particular groups in society. The under-participation of girls in mathematics has for 
some time been acknowledged as a concern. Under-achievement by many working- 
class and Aboriginal children and by some children from non-English speaking 
backgrounds is also now well documented. 

Children and adolescents will vary in personal interest in mathematics and 
the extent to which they value it. When these differences occur along gender, social class 
or ethnic fines, the implication is that the mathematics curriculum is not equitable in 
meeting the needs of different groupings of the community. Whether a particular 
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student gains the full benefit from mathematics may be influenced by a range of 
personal characteristics and circumstances. It will also depend on the qualities of the 
mathematics offered. 

We are now beginning to understand some of our past curriculum practices in 
mathematics which have disadvantaged groups of students. For example, many of the 
contexts in which mathematical concepts were developed, applied and assessed were 
more likely to be central in the fives of boys than in the fives of girls. In some subtle and 
other not-so-subtle ways, the message was communicated to girls and boys that 
mathematics was of more relevance in the fives of adult men than adult women . 15 In a 
similar way, the mathematics curriculum has tended to emphasise values and concerns 
which are more middle class than working class, and to draw on experiences which are 
more relevant to children of Anglo-Celtic descent than those of Aboriginal descent or 
those from non-English speaking backgrounds . 16 

The complex interaction of linguistic and cultural factors on the learning of 
mathematics is only beginning to be understood . 17 For example, some traditional Abo- 
riginal communities have ways of organising the world which are not based on counting 
and quantifying. Children from these communities may well enter school with little 
number experience and bring little meaning to the tasks of counting and quantifying. 
They are likely, however, to have much more highly developed spatial skills than other 
children, since these are vital for effective functioning within their environment and are 
therefore highly regarded and in constant use . 18 This has two implications. Firstly, the 
learning experiences which are provided should build on the strengths with which 
students come to the classroom. Secondly, we should avoid interpretations of ‘ability’ 
or ‘intelligence’ based on culturally narrow interpretations of important knowledge. 

There has been considerable research into mathematics in traditional Aborigi- 
nal communities and this has had some influence on the teaching of mathematics in 
these communities. Most Aboriginal Australians, however, five in rural and urban 
areas, but there is little research available on the linguistic and cultural influences on 
their learning of mathematics. 

Surface facility with English can often mask the language difficulties of 
students for whom English is a second language or with non-English speaking 
backgrounds. Sometimes such students are regarded as lacking in mathematical ability 
when they are actually experiencing problems with the formal language of the 
mathematics classroom . 19 

In order to provide education in mathematics which is inclusive of all 
Australian students, we will need to acknowledge the diversity of background of 
students in the range of activities which is offered and the expectations which are made 
of students. Ensuringthat acknowledging diversity does not become stereotyping is not 
always an easy matter. School mathematics should build on what students already 
know, but it should also broaden students’ horizons and the range of contexts in which 
they can function. 




Although the basic mathematical concepts and processes are the same for all students, 
each class will contain some students who are special in some way. 



Some will have particular interests and talents in mathematics. We should 
encourage enthusiasm and show that we value the development of mathematical 
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capabilities. We should also be vigilant to ensure that mathematical interest and talent 
are able to flourish regardless of geographic location, gender, social class or ethnic 
origins. 

Other students may have an intellectual, physical or sensory handicap which 
interferes in some way with their capacity to engage in all the experiences of typical 
classrooms. A variety of different curriculum provisions and teaching strategies will be 
needed in order to accommodate their special needs. Whatever their particular needs 
or abilities, all students have the right to learn mathematics in a way that is personally 
challenging and stretches their capabilities. Achievable and satisfying tasks are an 
important prerequisite for success. Technology has already become a powerful edu- 
cational tool for many special students, enabling access to education and careers not 
previously possible . 20 We need to build on these developments. 
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All Australian students will include mathematics in their studies during the compul- 
sory years of schooling. Increasingly they are also encouraged to study it during the 
post-compulsory years. In some Australian States and Territories some study of 
mathematics is now required in the post-compulsory years. This reflects the importance 
attributed to mathematics across Australia. 

Increasing the amount of mathematics studied by Australian students is 
important. More important, however, is ensuring that the mathematics which students 
do is rewarding for them individually and for their communities. 

Students should develop confidence and Eimpetemis® 
m dealing) with rommonly occurring situations 

An important goal of mathematics education is for students to develop the capacrty to 
deal with commonly occurring or familiar mathematical situations readily and almost 
automatically. Everyday decision-making situations often involve us in asking ques- 
tions about the cheapest, best, biggest, quickest or most likely. Many such questions 
require facility with number and measurement. For example, in order to choose the 
correct size packet of grass seed the home gardener will probably make some rough 
measurements and estimate the area of ground to be covered. This will require a facility 
with the units of measurement used on the pack. At the supermarket, the shopper may 
add and subtract amounts of money mentally, or ‘round’ money or measures and 
multiply or divide by one-digit numbers . In taking out a loan, the sensible shopper would 
study details of repayment schedules and total interest bills or use a scientific calculator 
in order to compare loan packages. 

In each case, selecting the information needed in order to make a decision, and 
obtaining and interpreting that information, make quite considerable demands on 
numeracy. Since repetitive calculations are now routinely performed by relatively 
inexpensive machines, few such tasks require speed and accuracy with laborious ‘paper- 
and-pencil’ computation. Using calculators and computers productively does, however, 
require a greater depth of understanding of mathematical ideas than is often realised. 

The question of which standard applications warrant specific attention in 
school mathematics is one which vexes educators and for which there is unlikely to be 
complete consensus. Some standard applications are in common use by the majority of 
people but the number of these is not as great as is sometimes supposed. Procedures 
which were efficient and important in their own right in pre-calculator days may now 
be less so. Many standard applications will be used frequently by particular groups 
within the community and almost never by other groups. Some may be used regularly 
during certain periods of an individual’s life and rarely thereafter. On the basis of an 
analysis of the mathematical demands of certain trades, Foyster 21 comments: 
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... a given worker will, at a particular stage in his or her working life, use 
skills which are easy to define, but they will be different from skills used at 
other stages of the same worker’s career, and may differ depending on just 
which area of the given trade the worker is operating in. 

Procedures which are very practical in some contexts may be less so in other 
contexts. For example, while most people may rarely need to find the volume of an 
irregular solid, a builder may do so frequently in order to estimate the cement needed 
for foundations. The builder, however, is likely to use a procedure which is quite specific 
to the constraints of measuring a building site. 

Given the impossibility of identifying precisely which skills particular 
students will need in the future, narrow vocational views of mathematics are likely 
to be unproductive. Rather better approaches will be those which emphasise the 
development of positive attitudes towards their involvement in mathematics, problem 
solving and applications, working systematically and logically, and communicating 
with and about mathematics. 
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The development in students of confidence about their capacity to deal with mathemati- 
cal situations must be a high priority. The Cockcroft report of the inquiry into the 
teaching of mathematics in England and Wales 22 argued: 

IVlosf important of all is the need to have sufficient confidence to make 
effective use of whatever mathematical skills and understanding is 
possessed, whether it be little or much. 

We must increase the number of students who are enthused by and successful 
with mathematics and who wish to remain involved in it for personal, civic or vocational 
reasons. Therefore, mathematics curricula should explicitly address the development 
in students of positive attitudes towards mathematics and towards their continued 
involvement in mathematics. 

All students, at all levels of schooling, should have opportunities to experience 
the excitement and pleasure that mathematical investigations can bring and to apply 
mathematics to problems which are personally interesting or which they regard as 
important. In the post-compulsory years, mathematics courses should reflect the wide 
range of contexts in which students may need to function in the future. 
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A challenge for education is to develop the attitudes and knowledge which will enable 
students to handle familiar tasks easily and efficiently and also to deal with new or 
unfamiliar tasks. 

Students should gain considerable experience in dealing with non-routine 
mathematical problems and unfamiliar situations. Choosing and using mathematical 
ideas to understand, to explain and to solve, can and should happen at every level of 
mathematical development. Considering whether mathematics might help to deal with 
situations which are not necessarily mathematical and judging whether a situation is 
one in which mathematics might appropriately be used are important. Students need 
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to recognise when mathematics might be useful, choose the mathematics, do the 
mathematics, and evaluate its effectiveness in the circumstances . 23 

Facility with certain techniques can strengthen our capacity to inquire and to 
explore unfamiliar situations involving mathematics. Being able to perform certain 
procedures automatically frees us to think about the larger task at hand . 24 Being able 
to perform them reliably reduces the risk that small errors will prevent us from 
observing general patterns and relationships. Therefore, practising techniques such as 
those involved in mental arithmetic or in rearranging algebraic expressions can 
contribute to problem solving and should be a part of mathematics. 

If such techniques are developed and practised in isolation, however, students 
may not recognise their power and usefulness. Also, too great an emphasis on 
predictable mathematical tasks may undermine the capacity of students to deed with 
unfamiliar tasks. 

A second challenge for education is to develop an appreciation of both 
individual and collaborative activity and the skills needed in order to work productively 
in each of these modes. Often regarded as a rather solitary activity, mathematics 
develops through the interaction of communities of people working mathematically. 
Furthermore, the posing of problems and their solution almost always involve people 
in working together. At times, people will bring different skills to the task and take 
different responsibilities in developing solutions. At other times they will focus on the 
same task in order to to clarify and extend their own thinking. School mathematics 
should encourage and strengthen these ways of working. 



should 



learn to communicate 



A command of mathematical terminology and verbal, symbolic, diagrammatic and 
graphical modes of representation is essential in learning mathematics and is part of 
numeracy. 

The process of developing and building up mathematical knowledge through 
describing, questioning, arguing, predicting and justifying almost always requires a 
sharing of ideas. The productive sharing of ideas depends upon the clarity with which 
one can express oneself. Mathematical communication skills are needed in order to 
understand, assess and convey ideas and arguments which involve mathematical 
concepts, or are presented in mathematical forms . 25 They are also needed in order to use 
text and other media to continue to learn mathematics. 

In order to analyse and interpret certain material, students will need to 
understand the nature of mathematical arguments and the relationship between 
mathematics and its applications. For example, appreciating the nature of a mathe- 
matical model is necessary in order to make sense of some scientific and economic 
arguments. Some appreciation of the difference between an empirical and a logical 
argument and between a deterministic and a statistical argument is also important. 
An understanding of the general principles of model building and of different ways in 
which mathematics is used in reaching conclusions is an important part of informed 
numeracy. 




Modem developments in the way mathematics is produced and applied raise questions 
about what basic mathematical ideas and perspectives students should acquire in 
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school. F or example, while school mathematics has tended to present a view of the world 
in which events are inevitable consequences that can be described by rules and 
formulae, there is an increasing emphasis on random models of the world. Also, we no 
longer assume that most natural and social phenomena can be thought of as more or 
less continuous (e.g. usingcalculus) and recent years have seen rapid growth in discrete 
methods (e.g. using networks). 

Many of these changes are a result of the widespread use of computers. Paul 
Zorn 26 makes this point compellingly: 

Computers do more than help solve old problems. They lead to new problems, 
new approaches to old problems, and new notions of what it means to solve 
problems. They change fundamental balances that have defined the discipline 
of mathematics and how it is pursued: continuous and discrete, exact and 
approximate, abstract and concrete, theoretical and empirical, contemplative 
and experimental. Computers change what we think possible, what we think 
worthwhile, and even what we think beautiful. 

Computers and calculators provide students with opportunities to investigate 
certain mathematical ideas and applications at a younger age than they might 
otherwise have done. For example, quite young children may make the calculator itself 
an object of study. The mathematics then becomes the theory that explains what 
functions the calculator performs and what rules it obeys. Older students may use 
graphing software to study the general shapes of families of functions and the effects 
of transformations on them, possibly achieving a richer understanding of functional 
relationships than has been possible in the past. Students should have sufficient 
experience of calculators and computers as mathematical tools to be able to make 
informed decisions about whether or not to use them in particular mathemati- 
cal situations, and to use them efficiently when they wish to do so. 

Increasingly, new developments in mathematics are described in lay terms’ in 
magazines and television programs, and students should be encouraged to read and 
watch such material and link them to the work they are doing in school. Examples of 
relatively new mathematical ideas now becoming popularised in this way are fractal 
geometry and its relation, chaos theory. 

While most people will never need to learn the more specialised forms of 
mathematics presently being created, school mathematics should reflect current 
developments in the field and present mathematics as a thriving, dynamic enterprise. 
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The systematic and formal way in which mathematics is often presented conveys an 
image of mathematics which is at odds with the way it actually develops. Mathematical 
discoveries, conjectures, generalisations, counter-examples, refutations and proofs are 
all part of what it means to do mathematics. School mathematics should show the 
intuitive and creative nature of the process, and also the false starts and blind alleys, 
the erroneous conceptions and errors of reasoning which tend to be a part ofmathematics. 

Mathematical investigations can help students to develop mathematical 
concepts and can also provide them with experience of some of the processes through 
which mathematical ideas are generated and tested. They should be helped to gain 
insight into the nature of the subject and the motives which lead people to pursue it. 
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Studying the origins of particular mathematical ideas and techniques and the links 
between them can help students to integrate ideas which occur in apparently distinct 
areas of mathematics and also further their understanding of the nature of mathematics. 

The universal nature of many mathematical ideas and the extensive use of 
symbolic notation to portray abstract ideas lead many people to the mistaken view 
that mathematics is culturally neutral and value-free . 27 Students need to develop an 
appreciation of the process of growth and change and the relationship between 
mathematics and society. In particular, they should understand that mathematics 
grows out of specific social and historical contexts. For example, the needs of commerce 
and war set the parameters for certain major developments in European mathematics, 
while the needs of social organisation adapted to local conditions set the scene for the 
development of Aboriginal kinship systems which are mathematical in nature . Cultural 
appreciation of mathematics in Australia should include an understanding of the 
richness of mathematical ideas which were part of Australian society before the arrival 
of Europeans. 

The socio-historical study of mathematics should not, however, focus exclu- 
sively on the past. Students need to understand that new mathematics and new 
applications are constantly being developed. They should have the opportunity to apply 
their mathematics in settings which reflect the multicultural nature of Australia. They 
should also investigate a range of modem applications of mathematics to problems of 
concern to Australians, even if the technical demands of the mathematics are beyond 
them at the time. 



Goals 

As a result of learning mathematics in school all students should: 

• realise that mathematics is relevant to them personally and to their community; 

• gain pleasure from mathematics and appreciate its fascination and power; 

• realise that mathematics is an activity requiring the observation, representation and application of 
patterns; 

• acquire the mathematical knowledge, ways of thinking and confidence to use mathematics to: 

conduct everyday affairs such as monetary exchanges, planning and organising events, and 
measuring; 

make individual and collaborative decisions at the personal, civic and vocational levels; 
engage in the mathematical study needed for further education and employment; 

• develop skills in presenting and interpreting mathematical arguments; 

• possess sufficient command of mathematical expressions, representations and technology to: 

interpret information (e.g., from a court case, or media report) in which mathematics is 
used; 

continue to learn mathematics independently and collaboratively; 
communicate mathematically to a range of audiences; 

• appreciate: 

that mathematics is a dynamic field with its roots in many cultures; 
its relationship to social and technological change. 




23 



Goals for school mathematics 



15 




A great deal has been learned about how children and young adults learn mathematics 
and about the classroom conditions which are most supportive of their learning. While 
further research is needed to assist us to better understand the learning of mathemat- 
ics, many of the innovations occurring in classrooms around Australia have consider- 
able potential for improving mathematics learning. These experiences do suggest some 
general principles about learning which should inform our teaching and the learning 
environment we provide. 





It is now widely accepted that learning is best thought of as an active and productive 
process on the part of the learner. There are several important implications of accepting 
this simple proposition. 



learners construct their own meanings from, ancfl for, 
the ideas, objects and wen ts wbkb experience 



The meanings that people construct depend upon their existing understandings. We 
can only take from any situation the parts that either make sense to us or can be linked 
to some existing ideas we have. If a particular idea is not at all new to us, then no 
learning is necessary. Some learning can readily be accommodated within existing 
conceptual structures. Other learning requires a relatively simple extension or adjust- 
ment of ideas we already have. A considerable part of learning in mathematics, 
however, requires learners to change and expand their ways of thinking. 

The source of mathematical knowledge is patterns and relationships created 
in the mind. Kamii , 28 for example, describes children’s development of number concepts 
as the synthesising of order and hierarchical inclusion relationships: 

The only way we can be sure of not overlooking any or counting some more 
than once is by putting them into some relationship of order ... The child does 
not, however, have to put the objects in a linear order; what is important is that 
he or she order them mentally in some way ... 

Ordering is insufficient, however, as is shown when young children point to the 
sixth bead in answer to a request to show six beads. What is also needed is that children: 

... mentally include ‘one’ in ‘two’, ‘two’ in ‘three’, ‘three’ in ‘four’, and so on 
... synthesising order and hierarchical inclusion. 

Number concepts are not physical properties and are not abstracted from 
collections of objects, but are a result of imposing logico-mathematical thinking on the 
collections: 
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... children become able to think about the objects as ‘eight’ only when 
they can impose their logico-mathematical knowledge, that is, self-created 
relationships, on the set. 

Thus, mathematic learning does not occur through the internalisation of 
external things; rather it involves the creation or building up of relationships in the 
mind of the individual. 



Learning tappras mhm existing concoptions « challenged 

Learning is likely to occur if existing conceptions are challenged and the learner feels 
a need to accommodate the new information or ideas. The challenge may come from the 
physical environment, the social environment or from mathematics itself. An example 
of the first occurs when a student makes a prediction, experiments and finds it does not 
work. An example of the second occurs when a student is surprised to find that a peer 
disagrees with his or her interpretation of a mathematical situation. An example of the 
third occurs when a student believes that a particular rule will apply for all numbers 
and finds that this is not so. In each ofthese cases, learning occurs when the learner finds 
a way to accommodate the new perspective or information. As ideas are acquired they 
are used as a basis on which to acquire and make sense of other ideas. 



Learning requires action on the part of the learner and reflection about those actions 
and experiences. The three situations described in the previous paragraph are unlikely 
to result in learning unless students think about and work on overcoming the 
disjunction between their current conceptions and the new information. Mathematics 
has its roots in activity and in reflection to guide and interpret that activity: 

If you calculate without reflecting on what you have been doing, why you 
have been doing it, and what you have found, then your activity is likely to 
lose its sense of purpose and direction. If ... you try to speculate without 
getting involved in messy calculations, you are likely to lose touch with 
reality . 29 

Reflection on experience is needed in order to link new knowledge to existing 
knowledge, leading to the expansion and refinement of ideas. The use of ‘concept maps’ 
in which students draw and discuss pictorial representations of the connections they 
have made between various mathematical concepts, examples, contexts, and so on, is 
one strategy which can help students reflect upon what they know and integrate new 
ideas with existing knowledge. 



Learning involves taking risks. This means being willing to “have a go’, to guess, to try 
a new or different way of doing things. At times error can be a sign of progress, 
suggesting that the learner is prepared to work on new or difficult problems where 
increased error is likely, or to try improved ways of doing things which necessitate giving 
up old and safe but limited strategies. For example, a child who can consistently find 
six lots of 16 by adding has to take a risk in order to replace this strategy by a 
multiplicative one. Taking the risk may result in an increase in error in the short term 
but the long-term benefits are likely to be considerable. 
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One implication of taking risks is that mistakes are a necessary and acceptable 
part of learning. Errors provide a useful source of feedback, challenging us to adjust our 
existing conceptions before trying again. A second implication is that assessment 
strategies should not inhibit risk taking. 





There is no definitive approach or style for the teaching of mathematics. The teaching 
of any particular mathematical concept will be influenced by the nature of the concept 
itself and by the abilities, attitudes and experiences of students. In general, however, 
teaching should be informed by a thorough understanding of how learning occurs and 
of the nature of mathematical activity. 

Teachers assume a considerable responsibility for creating the best poss- 
ible conditions for learning for all students. Recently, the Australian Association 
of Teachers of Mathematics in collaboration with the Commonwealth produced a 
National Statement on Girls and Mathematics™ which addresses the issues of gender 
and mathematics. Other publications have focused upon issues of culture and the 
learning of mathematics in a second language . 31 Such materials offer guidance for 
improving the mathematics curriculum, both its content and pedagogy, in ways that 
make it more inclusive of the range of experiences and concerns of students in 
Australian schools. 
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While students in any particular classroom will have much in common, they also bring 
to the classroom a wide range of different experiences which should be valued and 
accommodated. For example, the skills associated with counting and quantifying are 
important for functioning in mainstream Australian life. In many families they are 
highly regarded skills and are in constant use. For the children of such families there 
is an inherent meaning and purpose in learning to count and operate on numbers. Some 
such children may enter school proficient in counting and simple computation and able 
to compare quantities. Counting and measuring are not, however, equally valued 
within all families, even when they are a part of daily life. Furthermore, symbolic ways 
of representing mathematical ideas are not identical in all cultures, even when the same 
ideas are being represented . 32 

Many students have difficulty with the various language forms used in 
mathematics classrooms. For some students for whom English is a second language, it 
may be beneficial to continue to learn mathematics in their first language until they 
have a better grasp of English. For all students, building on their experience implies 
building upon their English. 

Building upon students’ experiences is vital, but learning mathematics also 
requires going beyond the ‘everyday. If students are to gain access to the power and 
generality of mathematics it will not be sufficient for them to find intuitive solutions to 
individual ‘real-world’ problems. They will also need to ‘read and write the symbol 
system precisely and to handle relationships simultaneously and as entities ’. 33 
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If learning requires action on the part of the learner, then the opportunity to learn what 
is intended from an experience is likely to be enhanced if students see its purpose. How 
students respond to the task and what they learn from it may be quite different 
dependingupon their conception of the task. For example, students need to know when 
the purpose of an activity is to provide drill to increase the accuracy and efficiency with 
which they can perform an already learned procedure, and when the activity is one 
which may demand persistence, thoughtfulness and reflection. 

Young children usually show an uninhibited enthusiasm and curiosity; school 
is enjoyable and so is mathematics. The challenge through the years of schooling is to 
present mathematics in a way which continues to be interesting, challenging and 
rewarding. Students should have the opportunity to use mathematics in decision 
making and problem solving about situations that are of interest in their own right 
and not simply because they demonstrate some mathematics particularly well. They 
should also have the opportunity, throughout all years of schooling, to investigate 
mathematical situations of their own generation in order to experience the pleasure of 
investigating their own problems and the satisfaction of reaching their own conclusions. 



If learning happens when existing conceptions are challenged then feedback is essen- 
tial for learning. Feedback may take many different forms. As was suggested earlier, 
it may come from the physical, social or the mathematical environment. Clearly, the role 
of teachers is critical in this process. 

Often appropriate feedback can help students to recognise inconsistencies in 
their own thinking. For example, a student may continue a sequence made by re- 
peatedly adding 0.2 thus: 

0 . 2 , 0 . 4 , 0 . 6 , 0 . 8 , 0 . 10 , 0 . 12 ,... 

Completing the sequence with a calculator produces the following: 

0 . 2 , 0 . 4 , 0 . 6 , 0 . 8 , 1 . 0 , 1 . 2 ,... 

This inconsistency then has to be dealt with. Little is learned if students simply 
mark their sequence wrong and turn to the next one. In order to use these inconsisten- 
cies to further their own understanding, students have to believe that mathematics 
makes sense, that it is not just a series of arbitrary rules, and that they can work it out. 

Discussion with others is one means of finding out that others do not share our 
point of view; we constantly adjust our understanding and interpretation of phenomena 
through our interactions with other people. Through discussion with peers, teachers 
and others, students may adjust their conceptions by gaining new information or as a 
result of scepticism on the part of the others. Often discussion will involve students in 
explaining ideas to others and, in so doing, clarifying them for themselves. 



Students should learn to use language as a tool for reflecting on their mathematical 
experiences and hence for their own mathematical learning. Explaining to oneself, 
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‘putting it into words’, can be a powerful means of working through and clarifying ideas . 
Mathematical concepts are not developed in the absence of mathematical language. 
Students are likely to develop mathematical ideas more readily when they have clear 
ways of labelling and talking about their experiences. 

Explicit attention needs to be paid to the development of mathematical 
expression. Teachers might make a point of regularly using particular terms or 
language patterns so that students hear them in situations which make their meaning 
clear. Students can be encouraged to practise their own use of the language by 
describing experiences orally and in writing. 

There should be a gradual reduction in ambiguity through the use of conven- 
tional language and improved clarity of expression. This should build on students’ 
everyday language but, at times, quite explicit attention may need to be paid to the 
meanings students have developed for words. For example, a word may have an 
everyday meaning which is different from its mathematical meaning (e.g. reflection, 
irrational). Alternatively, an over- or under-generalisation of the meaning of a word 
may have been made (e.g. not realising that squares are special kinds of rectangles). 

The careful development of their capacity to interpret and use mathematical 
expression is of particular relevance to children from non-English speaking back- 
grounds (NESB). It appears, however, that the majority of all children benefitconsiderably 
from the approaches to language development in mathematics which have resulted 
from work with NESB children. This is particularly so for students who have previously 
encountered little formal English. 

Students also need to develop the skills of recording their mathematics. The 
first forms of recording are likely to be in everyday language or in pictures or diagrams. 
Gradually these representations may be shortened, leading to the need to use symbols. 
At each stage of schooling, the same gradual development from the familiar (more 
‘concrete’) to the more abstract ideas and representations is needed. 



A challenging environment means that risk taking is encouraged and that all students 
are extended appropriately. Clearly, repeated failure is not a good recipe for developing 
confidence or competence. The provision of achievable but challenging tasks and the 
experience of success are crucial in building positive attitudes towards mathematics. 

If learners encounter continued success on personally easy or rote tasks, 
however, they may become less and less able to take the risks needed for higher level 
learning. Even though they may be ‘getting the answers right’, they lose faith in their 
capacity to deal with unfamiliar or challenging tasks . 34 There is evidence that such 
students are more likely to be girls than boys. It appears that students’ successes and 
failures and their behaviour tend to be interpreted differently depending upon whether 
they are girls or boys . 35 Thus, a girl’s successes are somewhat more likely to be 
interpreted as due to conscientiousness and hard work, while a boy’s successes are more 
likely to to be interpreted as ‘natural’ ability. Teachers, parents and the students 
themselves may all do this to some extent. Many girls, particularly mathematically very 
able girls, accept these interpretations themselves. They often believe that their 
successes are due to hard work alone, and that they are not as able as other equally 
achieving students. Consequently, their belief in their capacity to keep succeeding is 
undermined. 
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Students should experience the reward of arriving at solutions through their 
own initiative and persistence and not simply through imitation. The challenge for 
teachers is to help students learn to seek imaginative solutions to problems in 
constructive ways, rather than to avoid all stress and struggle. 



Assessment is an integral part of the learning process. Indeed, the major purpose of 
assessment is the improvement of learning. Assessment provides feedback about 
students’ mathematical development to students and their teachers. This feedback 
should inform the future action of both learners and teachers. Assessment can also be 
used to report students’ progress to parents, prospective employers, and other educa- 
tional agencies. 




What students learn and how they learn will be influenced by what they think teachers 
and examiners value . Their view of what really counts in learning and doing mathematics 
will relate quite closely to what is assessed. If we wish students to develop a range of 
knowledge, skills, ways of thinking and habits of thought in mathematics, then we have 
to ensure that we are assessing how well they are doing so. 

Teachers’ practices will also be influenced by the results of student assess- 
ments. Student assessment provides feedback to teachers about the effectiveness of 
their past actions and suggests directions for future action. If some areas of the 
curriculum are assessed to the exclusion of other areas, teaching will tend to emphasise 
those, whether consciously or not. 

For these reasons, assessment should address all the goals of the curriculum. 
One implication of this is that we need to develop strategies for the assessment of some 
of the newer content of school mathematics. For example, we need to assess students’ 
capacity to judge the reasonableness of results and to choose appropriate levels of 
accuracy, data collection and analysis techniques, mathematical investigation and 
modelling. We also need to assess the development of attitudes and appreciations. It is 
essential that we improve our assessment practices so that they more adequately reflect 
all of the purposes of school mathematics. 




Assessment is used to make decisions about students which will affect their future 
learning and their educational and occupational options. Clearly, it should be fair, valid 
and reliable. 

In the past, mathematics has been assessed mostly by paper-and-pencil timed 
tests. This form of testing has remained dominant in mathematics, partly because it was 
perceived to be more objective and hence more fair than other forms of assessment 

The fairness of testing only those aspects of mathematics which can readily be 
assessed in traditional test questions can easily be challenged. The strengths of some 
students will be favoured by short-answer questions which rely on quickness of mind 
and speed, the strengths of others by extended-response questions which rely on 
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reflection and persistence. Students may not achieve equally well on all aspects of the 
mathematics curriculum. Some may do particularly well with reasoning tasks, while 
others have exceptionally good memories. Some will develop better spatial skills, others 
a better understanding of number. Consequently, inferring achievement in mathe- 
matics generally from a non-representative sampling of the curriculum outcomes or 
through a narrow sampling of methods of assessment may be unfair to many students. 

Paper-and-pencil tests, with or without a time limit, are likely to continue to 
be one useful and efficient means of gaining feedback about student learning. It is clear, 
however, that conventional forms of such tests cannot address all areas of the 
mathematics curriculum. Additional modes of assessment must be developed. We will 
need to increase our repertoire of types of questions which can be asked in traditional 
test settings and develop strategies forjudging the responses to these questions. In 
addition, other methods must be developed which are fair, valid and reliable and which 
are seen to be so. 

While more developmental work is needed on useful, practiced and fair 
assessment strategies, a range of practices which can be used to gather information 
have been identified . 36 They include: teacher observation and questioning; structured 
interviews with students; paper-and-pencil tests; oral tests; practiced skills tests; 
work- or project-based assessment; collected samples of students’ independent work; 
individual homework assignments; group reports; anecdotal records; self-assessment; 
and peer assessment. 
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The view of mathematics and the approaches to teaching and learning suggested in this 
Statement have implication for how mathematics learning is supported. For example, 
they suggest a classroom learning environment which encourages practical activity, the 
appropriate use of technology, and discussion. Mathematics can no longer be regarded 
as a ‘chalk and talk’ subject from the perspective of the teacher or as a ‘textbook, pencil 
and paper’ subject from the perspective of the students. The Statement also has im- 
plications for the professional development of teachers and for the nature of parent and 
community involvement in school mathematics. 
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Classes should take place in settings which provide a rich mathematical environment. 
Ideally, they should enable the flexible use of furniture so that movement and discus- 
sion can proceed without excessive noise disturbing others. Resources should include 
a wide range of locally collected or produced materials and commercial products. 
Resource materials should reflect the diversity of Australian society and help students 
understand the range of uses of mathematics, even if the mathematics is technically out 
of their present reach, and should encourage students’ participation in mathematics. 
Student work should be displayed regularly and school mathematics should be seen to 
be a thriving and dynamic enterprise, like mathematics itself. 

Many Australian students do not undertake their schooling in ‘regular’ 
classrooms, because of geographic isolation, physical disability or possibly illness. In 
such cases, providing appropriate resources can be difficult. Part of the solution may lie 
with local materials, part with the use of computing and communications technology. 
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Creative solutions should be sought to ensure that each student experiences a 
mathematically rich environment. 



Use off technology 

In 1987 all Australian education systems endorsed a national calculator policy, 37 which 
began as follows: 

It is recommended that, as far as resources allow, teachers should: 

1 ensure that all students use calculators at all year levels (K-12); 

2 ensure that the calculator is used both as an instructional aid and as a 
computational tool in the learning process; 

3 be actively involved in the curriculum change in content and methods 
arising from calculator use; 

4 take full advantage of the potential of calculators for mathematics within 
the total curriculum; 

5 initiate discussion locally regarding the role of calculators in the school 
and society. 

The present Statement provides further endorsement of those recommenda- 
tions. Since that time there have been considerable advances in the computing software 
suitable for use in school mathematics. There is a range of ways in which computers may 
be used in mathematics classrooms including ‘number crunching’, data analysis, as a 
simulation device, graphics, symbol manipulation and spreadsheets. 38 Each of these 
uses has implications for what is most usefully taught in mathematics and how it is 
taught. If the use of computers is to be regarded as a normal part of doing mathematics 
then students will need access to computers in the rooms where mathematics is 
normally learned. A range of other technologies such as television and video may also 
be needed to enrich students’ mathematical experiences. 



T M material: 



Schools need a variety of print materials. The dynamic nature of the mathematics 
curriculum and the need to cater for the interests of all students mean that no single 
text is likely to cater for all students. Special care needs to be taken that the material 
selected does not conflict with the values of some groups in Australian society and that 
gender and racial stereotyping are avoided. The language used should be appropriate 
to the majority of students while encouraging development of mathematical expres- 
sion. Some students will need additional support in dealing with mathematical texts. 
Resource teachers, especially English as a second language teachers, must be involved 
in the teaching of mathematics. 



Teachers play a key role in supporting the learning of mathematics. Over recent years 
many changes have occurred in the content and methodologies for teaching mathematics 
and in community expectations about mathematical outcomes. These changes are 
likely to continue. Teachers, like other workers, will need to be engaged in professional 
development throughout their careers if they are to keep abreast of these developments. 
The Discipline Review of Teacher Education in Mathematics and Science 39 has made 
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specific recommendations on many aspects of the preparation and continuing education 
of primary and secondary teachers of mathematics, as well as commented on the present 
situation nationwide. Consequently, this whole issue is not addressed in this Statement. 



Parent and! community inwelwament 

Mathematics learning is enhanced when students feel that their parents are concerned 
about the learning program in which they are involved. Parents of younger students 
may often know and understand the learning program and be able to encourage, 
reassure and assist the learner in a positive way. For older students assistance may not 
always be possible, but encouragement and support remain vital. In particular, 
students need to feel that their parents value the things they are learning in school. 

Students are likely to respond more positively to the experiences they have in 
school if they feel that those experiences relate to the lives of their communities. The 
involvement of the school in the life of the community and the community in the life of 
the school is vital in this regard. The wider community is part of the broader 
environment in which mathematics learning occurs. Often the views children and 
young adults have of mathematics and of themselves as learners of mathematics are 
formed outside the classroom. Parents and the wider community play an important role 
in ensuring that mathematics is regarded as important and accessible by all young 
people. 
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The organisational structure presented in Part II is provided by a framework of eight 
strands: Attitudes and appreciations, Mathematical inquiry, Choosing and 
using mathematics, Space, Number, Measurement, Chance and data, and 
Algebra. Within each strand, mathematics for primary and secondary years is 
described using four broad bands of schooling: A, B, C and D. 

A mathematics curriculum may be structured around themes, problems, 
contexts or areas of application, or fields within mathematics. There are many 
possibilities. The organisation of this Statement is not intended to promote any one 
particular way of organising curriculum or the learning experiences provided in 
classrooms. However, it does emphasise the major kinds and sources of mathematical 
activity and makes explicit the links between the mathematics learned at various 
stages of schooling. 





Learning mathematics involves learning both its products and its processes. The 
products ( body of knowledge ) are the facts, concepts and generalisations and the 
standard models and procedures of mathematics. The processes ( ways of knowing) are 
the mathematical thinking skills which enable the products to be developed, applied 
and communicated. In some strands the products of mathematics are emphasised, 
while in others the processes are emphasised. In order to understand the nature of the 
mathematics and what distinguishes it from other human activity, students need to 
appreciate and experience the interplay between its products and processes. Therefore, 
while there may be advantages at times in emphasising one or the other, in practice they 
will usually be interwoven and their relationship to each other emphasised. 

Partly for historical reasons and partly because of the complexities of course 
design, mathematical ideas which are conceptually linked are often presented and 
learned quite separately. Effective problem solving, however, requires that students be 
able to integrate mathematical ideas and draw on the most appropriate analytic devices 
for the task at hand. It is therefore important that students are helped to see the links 
between ideas and procedures that occur in different areas of mathematics. 

There are significant overlaps and inter-connections between the strands, 
which should be drawn out in practice. For example: measurement concepts should be 
developed together with those of space and number; algebra provides tools which may 
be needed in all other areas of the mathematics; and concepts such as that of function 
are fundamental in mathematics and will appear in different forms in all strands. 
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While the document suggests a development of mathematical ideas as stu- 
dents progress through school, these are described in very broad terms only. Clearly, 
curriculum planning must also take into account the sequencing of mathematical ideas 
both within and between strands. 

All strands reflect and anticipate changes needed in mathematics teaching in 
this decade. The eight strands, which are further broken down into subheadings, are 
as follows. 

Attitudes amid appreciations 

Attitudes deals with the development of positive attitudes towards mathematics and 
students’ involvement in it. 

Appreciations deals with the development of an appreciation of the nature, power and 
scope of mathematical activity. 

Mathematical inquiry 

Mathematical expression deals with interpreting and conveying mathematical ideas. 
Order and arrangement deals with observing and generalising patterns and relations. 
Justification deals with explaining and justifying conclusions leading to the notion of 
proof. 

Problem-solving strategies deals with a range of strategies for problem posing and 
solving. 

Choosing and using mathematics 

Applying mathematics deals with choosing and using standard mathematical tech- 
niques in situations in which mathematics may be useful. 

Mathematical modelling deals with the more general processes by which ‘real world’ 
phenomena are represented in order that mathematics may be applied to them. 



Shape and structure deals with the properties of two- and three-dimensional objects and 
the relationship between shape, structure and function. 

Transformation and symmetry deals with the mathematical equivalent of changes of 
position, orientation, size and shape, and with symmetries in shapes and arrangements. 

Location and arrangement deals with the representation of position and arrangement, 
including the use of coordinates. 



Number and numeration deals with concepts of number and the ways we write them. 

Computation and estimation deals with the operations of addition, subtraction, multi- 
plication and division and their application. 

Measmurememt 

Measurement and estimation deals with the comparison of qualities of objects, the use 
of units of measurement, and measuring and estimating skills. 

Indirect measurement deals with the use of rates, measurement formulae, scale, 
angular measure and trigonometric ratios for indirect measurement. 

Approximation, change and the calculus deals with rates of change, and infinite and 
limiting processes. 

Chamce and data 

Chance deals with the concepts of randomness and the use of probability as a measure 
of how likely it is that particular events will occur. 

Data handling deals with collecting, organising, summarising and representing data 
iase of interpretation and communication. 
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Statistical inference deals with drawing conclusions and making predictions based on 
both data and principles of chance. 

Algebra 

Expressing generalisations deals with algebraic expressions as generalised statements. 

Functions deals with the general statement of relationships between quantities and 
techniques for graphing. 

Equations deals with setting up and solving equations and inequalities. 
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Students come to school with a diverse range of attitudes and experiences. They may 
also learn at different rates and in different ways. Therefore, it is not possible to equate 
the bands A, B, C and D with specific year-levels of schooling. It is anticipated, however, 
that the typical child will need experiences mainly from band A in the lower primary 
years, from band B in the upper primary years, and from band C in the lower secondary 
years. Some students may need experiences from band A throughout their primary 
years and from band B in the lower secondary years; others may gain from band C 
experiences in the upper primary years and some band D experiences in the lower 
secondary years. 

Bands A to C contain all the experiences considered necessary for the typical 
citizen. Our goal should be for all students to gain access to the mathematics within those 
strands, albeit in different ways and at different paces. Increases in school retention 
rates make this goal more achievable than it once seemed. While band D extends 
mathematical knowledge beyond that needed for the typical citizen, it also recognises 
the wide range of contexts in which students may wish to function in the future. 

The Statement should be interpreted in such a way that the interests and 
capabilities of every student are fully stimulated. 
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Chapters 5 to 12 of this Statement describe the scope of the curriculum in terms of the 
mathematical understandings, skills, knowledge and processes which should typically 
be made available to students. 

The discussion of each strand begins with a general introduction which 
describes the purpose and importance of work within that strand and the major 
mathematical ideas to be developed during years 1-12. This is followed by a more 
detailed discussion of the strand under each of the four bands. 

Within each band in each strand, a series of scope statements provides the 
framework around which States or schools may build their mathematics curriculum. 
These scope statements are listed Al, A2, A3, and so on, for band A, through to Dl, D2, 

. . . , for band D. The letters indicate the band and the numbers provide a simple labelling 
of the scope statements. There is no implication that scope statements within a hand 
should follow the sequence presented. 

The fists of activities which follow each scope statement are intended to provide 
clarification and support; they should not be regarded as either comprehensive or 
restrictive. 

Experiences have not been described for the pre-compulsory years because of 
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the structural differences in provisions between States and Territories. These years, 
however, are vital in children’s mathematical development. People involved in pre- 
compulsory education are encouraged to use the Statement, particularly band A, as an 
indication of broad directions and emphases for the pre-compulsory years. 
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The post-compulsory years provide for students an intermediate step between the more 
structured educational experiences of the compulsory schooling years and the broad 
variety of learning experiences which are present in adult life. During these years 
students should have access to courses in which all strands are represented and the 
content of these courses should allow for different treatments of the strands appropriate 
to the needs of students. 

The mathematics of the post-compulsory years must build upon students’ 
experiences in mathematics during the compulsory years. This means that included 
within the range of courses available should be those which draw on mathematics from 
band C, and possibly also band B. Students in these years can be expected to have new 
priorities and require new experiences. Therefore, courses designed for students in the 
post-compulsory years may draw on mathematical experiences from bands B and C, but 
should do so in a way which reflects the added maturity of the students, their proximity 
to adult life and their aspirations. 

Other courses in the post-compulsory years should draw on experiences from 
band D. These experiences are appropriate for students who have successfully undertaken 
those in band C. They are at a higher level of sophistication, more abstract, more 
analytical, and also more demanding of independent mathematical work. 

Students for whom experiences drawn from band D are appropriate will vary 
in their aspirations, their intrinsic interestin mathematics, and their present capabilities. 
Mathematics courses which draw mainly on experiences from band D should reflect the 
range of student needs, interests and aspirations. 

Some such students will wish to continue the study of mathematics in further 
education. They may study mathematics in higher education, for its own sake, or for 
computing, physical science or engineering. Others may study mathematics for the 
social sciences, such as economics, geography, sociology or psychology, or for pro- 
fessional work in health, veterinary or education fields. Still others may undertake 
further vocational studies which will rely to an extent upon mathematics. 

Some students may anticipate no further formal study of mathematics; they 
may wish to be lawyers, journalists, fashion designers, chefs or landscape gardeners. 
These students should be also be encouraged to study mathematics which they find 
challenging and personally rewarding in order to enhance their potential to fully 
participate in and contribute to society. 

The scope statements provided for band D reflect significant mathematical 
experiences within each strand, but are described in more general terms than those for 
bands A to C. The activities provided with each scope statement indicate the range of 
ways in which the scope statement might be realised. Certainly, not all activities would 
be appropriate or desirable for all students and it is not intended that all the 
mathematics in a particular strand would be studied by all students. Neither is it 
intended that the mathematical experiences cited should restrict the range of experi- 
ences made available within any strand. 
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An important aim of mathematics education is to develop in students positive attitudes 
towards mathematics and their own involvement in it, and an appreciation of the nature 
of mathematical activity. The notion of having a positive attitude towards mathematics 
encompasses both liking mathematics and feeling good about one’s own capacity to deal 
with situations in which mathematics is involved. Both are desirable but the latter is 
essential! Students also need to learn about the nature of mathematics and the proc- 
esses through which it is produced and applied. 

Students will vary in their interests: some will enjoy mathematics more than 
others. A particular student may enjoy some aspects of mathematics but not others. It 
is unreahstic to expect all students to find the same experiences pleasurable. None- 
theless, there is considerable evidence to suggest that children come to school enthu- 
siastic and eager to learn mathematics and that a great many leave school with quite 
negative attitudes. Some dislike the subject, others feel inadequate about it, still others 
feel that it is irrelevant in their lives. This is an unacceptable situation for reasons 
canvassed throughout Part I. The development of attitudes and appreciations is an 
important aspect of learning mathematics and must be addressed quite explicitly in the 
teaching of mathematics. 

Thus, students should have the opportunity to appreciate mathematical 
products and processes as well as their application to the social and physical environment, 
and to experience the pleasure and the fascination of investigating their own problems 
and the satisfaction of reaching their own conclusions. 

The scope statements for this strand have not been differentiated by band, 
although appreciations can be expected to increase in sophistication as students 
progress through school. They have, however, been arranged under two subheadings, 
Attitudes and Appreciations. 

Attitudes deals with the development of positive attitudes towards mathematics and 
students’ involvement in it. 

Appreciations deals with the development of an appreciation of the nature, power and 
scope of mathematical activity. 

The activities listed with each scope statement all appear in one or more of the 
other strands. They represent a small selection from those available. The purpose is to 
demonstrate that the development of appropriate attitudes and appreciations should 
be an explicit consideration in the choice of activities, but that these activities should 
occur in all strands and all bands. 
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